Abstract We report on the international trade in South American poison arrow frogs (Dendrobatidae) in the period [2004][2005][2006][2007][2008], and focus on the role of Asian countries. All species of dendrobatid frogs are included in Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), regulating all commercial trade in these species. Based on data compiled in the WCMC CITES database, we establish that [63,000 dendrobatid frogs (of 32 species) were traded internationally. For 21 species the majority of individuals were reported as captive-bred. A quarter to a fifth of the commercial trade in dendrobatid frogs in terms of volume is destined for Asian markets (mainly Japan, Thailand and Taiwan, Province of China). Kazakhstan, the main supplier for the Thai market, is reported as a source country for 16 species, all captivebred. We found large discrepancies between the reported export of dendrobatid frogs from Kazakhstan-none-and imports reported by Thailand as coming from Kazakhstan ([2,500 individuals). A significant part of the trade flow goes via Lebanon, a non-CITES Party. We urge the CITES Management Authorities of the countries involved to investigate the trade in dendrobatid frogs to ensure it does not violate the rules and intentions of CITES.
Introduction
A significant part of the pet trade deals with tropical species, from tropical to temperate countries and increasingly to meet domestic demand in tropical countries (Duarte-Quiroga and Estrada 2003; Shepherd et al. 2004; Nijman 2005) . Furthermore, as apparently there are many affluent buyers in developing countries, there is a market for exotic pets (i.e. those species not indigenous to the country itself) within the developing world (Nijman and Shepherd 2007) : given that wildlife protection laws are not always strictly enforced in certain countries this included species that are not permitted to be traded or species for which trade is strictly regulated (Nijman 2006 (Nijman , 2010 Shepherd et al. 2004) . In this paper we focus on the international trade in poison arrow frogs for the pet market, with a focus on the Asian consumer countries.
Poison arrow frogs (Dendrobatidae) are a highly species family of frogs occurring in Central and South America (Clough and Summers 2000; Vences et al. 2000; Bartlett 2003; Symula et al. 2003) . Like other tropical frogs they are affected by habitat loss and chytridiomycosis (an infectious disease caused by a zoosporic fungus Batrachochytrium dendrobatidis leading to sometimes high mortalities in amphibians: Daszak et al. 2003) , but unsustainable capture for the pet trade may pose an additional threat (Schlaepfer et al. 2005; Gorzula 1996; Preece 1998) . At least 30-40 species are encountered regularly in the international pet trade. Recognising the need for regulating trade in dendrobatid frogs, on 22 October 1987 they were listed in Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), regulating all commercial trade in these species (Gorzula 1996; Mrosovsky 1988; Pickett 1987) . By then all range countries of dendrobatid frogs-that is countries in which the species occur naturally-were a Party to CITES.
This paper provides an analysis of data available on the international trade in dendrobatid frogs and point at a curious trade route, with captive-bred specimens being exported by one CITES Party (Kazakhstan) to a non-CITES Party (Lebanon), after which they are then re-exported to another CITES Party (Thailand) only to be re-exported further into Asia.
Methods
Data were obtained from the WCMC-CITES database (http://www.unep-wcmc.org/ citestrade). This database reports all records of import, export and re-export of CITESlisted species as reported by Parties. We focus on commercial trade in live poison arrow frogs only, during the period 2004-2008 inclusive, and focus on the numbers reported by the importing Party. Imports for non-commercial purposes, e.g. exchange between zoos or export for scientific purposes, over this period involved \700 live individuals and are excluded here. Numbers of dendrobatid frogs in international zoos and aquariums (excluding hybrids) were retrieved from the International Species Information System website (https://app.isis.org/) listing collection information from its 735 institutional members (zoos, aquariums, and other zoological collections).
Systematics of poison arrow frogs is a field in motion, with seemingly ever-changing genus and species names; for consistency we followed the taxonomy as used in the WCMC-CITES database which is based on Frost (2004) and Brown et al. (2006) . Definitions in this paper follow those of CITES (2009): 'captive-bred' refers to at least second generation offspring of parents bred in a controlled captive environment (or first generation offspring from a facility that is managed in a manner that has been demonstrated to be capable of reliably producing second-generation offspring in a controlled environment); 'F1 captive-bred' refers to specimens born in captivity to wild-caught parents and that are not considered as captive bred under CITES; 'ranch-raised' refers to specimens either directly removed from the wild and reared in a controlled environment or progeny from gravid females captured from the wild; 'wild-caught' refers to specimens that originate from the wild. While we know to which country specimens are imported, and for what purposes, we do not have information who are the individuals or organisations behind the imports; therefore 'country X imports….' is shorthand for 'traders or other individuals or institutions operating in country X import….' and does not necessary imply that it is the government or government institutions of country X that does the importing.
Results
From 2004 to 2008, a total of 32 species were reported to CITES as being commercially traded, totalling 63,165 specimens of live dendrobatid frogs of four genera, i.e. Dendrobates, Phyllobates, Epipedobates and Cryptophyllobates (Table 1) . For all but one species (E. trivittatus), the majority of individuals was reported as captive-bred, with all imports for 21 species declared as originating from captive-bred sources (captive-bred and F1 captive born). Seven species are ranched in relatively small numbers (mainly in Panama and Peru) and imports of five species include wild-caught individuals (from Guyana, Panama and Suriname).
About a quarter to a fifth of the commercial trade in dendrobatid frogs in terms of volume is destined for Asian markets. Within Asia, the major importers are Japan ([4,000 specimens), Thailand ([2,500 specimens) and Taiwan, Province of China ([2,000 specimens). Japan imports most of its dendrobatid frogs from European exporters, Taiwan mainly from European and North American exporters, but Thailand imports mainly from Central Asian suppliers, in particular Kazakhstan.
We found a strong discrepancy between the export data of dendrobatid frogs reported by Kazakhstan and the import data reported by Thailand. Kazakhstan is reported as a source country for 16 species, all reported to be captive-bred, totalling 2,665 specimens (Table 1) . For 11 species at least a third of the total global trade during this period is reported to originate from Kazakhstan. However, trade in dendrobatid frogs from Kazakhstan is restricted to the years 2004 and 2005, and while exports from Kazakhstan dominated the international dendrobatid frog trade in these 2 years, no trade is recorded to any county in the years before or after. Kazakhstan, Party to CITES since 2000, has not reported any export in dendrobatid frogs, or any other amphibian, to the CITES Secretariat. Furthermore, no imports have been reported by Kazakhstan nor has any Party reported the export of dendrobatid frogs to Kazakhstan.
According to Thailand's import records, all specimens from Kazakhstan were first exported to Lebanon and subsequently re-exported to Thailand. The only other country from where Thailand imported dendrobatid frogs for commercial purposes was Ukraine (in 2004, 50 captive-bred D. auratus and 26 P. vittatus). Of the 2,665 dendrobatid frogs imported by Thailand originating from Kazakhstan, 105 were re-exported to Taiwan, Province of China, 50 to the Republic of Korea and 6 to the Philippines (Table 2 ; Fig. 1 ).
Discussion
This analysis shows high levels of international trade in dendrobatid frogs, six times higher than reported by Gorzula (1996) more than a decade ago. Compared to the late 1980s-early 1990s (Gorzula 1996) , 12 species were no longer reported to be in international trade whereas 18 new ones appeared in recent years. There are large differences between numbers of captive-bred versus wild-caught dendrobatid frogs. Gorzula (1996) reported 14% of the total international trade to be captive-bred, whereas currently 91% of the individuals are reported as such (with an additional 5% comprising ranched or F1 captiveborn individuals). Finally, in the late 1980s-early 1990s Japan was the only Asian country to have imported dendrobatid frogs with an average annual import of *60 individuals, and no Asian country was listed as a (re-)exporting country. The present study points to the important role of Asian consumer markets in the trade of dendrobatid frogs (cf. Hou et al. 2006 ) as well as a relevant role as re-exporters of these species. While there is a substantial international trade in dendrobatid frogs, with many of them being reported as captive-bred, the present study raises some concerns. The species were listed in Appendix II of CITES so as to regulate their international commercial trade. Biodivers Conserv (2010 ) 19:1963 -1970 1967 For 16 of the 32 species traded internationally in [2004] [2005] [2006] [2007] [2008] , trade between two CITES Parties (Kazakhstan and Thailand) was routed through a non-CITES country (Lebanon) and involved large numbers (Table 1 ). The question is whether or not these individuals have indeed been bred in captivity or originate from other sources. Kazakhstan reports no trade and Lebanon, as a non-CITES Party, does not report any trade either. In its 8 years as a Party to CITES Kazakhstan has never reported the commercial trade (import or export) of an amphibian to CITES, making the export of captive-bred dendrobatid frogs highly unusual.
While it is difficult to assess properly the impact of this trade for all the species concerned, it is nevertheless illustrative to focus on the trade in a number of endemics from Peru (D. amazonicus, 1 D. fantasticus, and D. lamasi) and Colombia (P. bicolor and P. terribilis). No live individuals of D. amazonicus have ever been reported to have been exported from Peru, and their rarity in international trade is corroborated by their absence in the 735 zoos and aquariums that have joined International Species Information System. A few hundred Dendrobates lamasi has been reported in international trade since 1987, but few in recent years, with only 27 individuals present in international zoos and aquariums (no offspring produced in 2008). None have been recorded as exported to Kazakhstan by CITES. Dendrobates fantasticus has not been reported as being exported to Kazakhstan, and while it is traded in slightly higher numbers than D. lamasi, the 60 individuals exported from Kazakhstan are the largest quantities since 1993. Only 13 individuals are reported to be present in public zoos and aquariums, with no offspring reported for 2008.
Similarly, a few hundred Colombian P. bicolor and P. terribilis have been traded internationally since the early 1990s, most declared as captive-bred, and none have Colombia as the exporter or as the source country. Both species are kept in moderate numbers in international zoos, 145 and 320 individuals for P. bicolor and P. terribilis, respectively, with only P. bicolor having produced 9 offspring in 2008. Given the infrequent nature of captive-breeding in some species, the significant numbers of captive-bred specimens imported from Kazakhstan via Lebanon into Thailand are remarkable. While for some species the total number of purportedly captive-bred specimens is not very large, and even if they were wild-caught may not have significant impacts on wild populations, it is important to investigate these pathways as they can be used to transport larger number of specimens and of a wider range of species as well. In this light, we urge the CITES Management Authorities from Thailand and Kazakhstan to scrutinize the trade involving captive-bred specimens of Dendrobatidae.
We furthermore recommend the CITES Management Authorities of the range States (Colombia, Peru, Suriname, Brazil amongst others) to follow up on this issue with the Management Authorities in Thailand and Kazakhstan. While the described trade in CITES II-listed poison arrow frogs in Asia may be exceptional, discrepancies in reported levels of international wildlife trade are not (e.g. Blundell and Mascia 2005) and we urge conservationists and others interested in regulating wildlife trade to explore other similar cases, retrospectively or in real time, and report discrepancies to the relevant authorities.
